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SPECIFICATION 
SEMICONDUCTOR PRESSURE SENSOR AND PRESSURE 
DETECTOR 



5 Technical Field: 

The present invention relates to a semiconductor 
%0 sensor having a micro-cavity structure and an actuator 

hj created based on the sacrificial layer etching 

£ technique, and particularly to an electrostatic 

q 10 capacitance semiconductor pressure sensor, 

LH Background Technique: 

Jij The prior art related to the present invention is 

H= disclosed in Japanese Application Patent Announcement 

15 Publication No. Hei 08-501156 as shown in Fig. 23, for 
example. This Patent describes the pressure sensor 
manufactured according to the sacrificial layer 
etching technique. Sacrificial layer etching is formed 
in the following process, for example: A sacrificial 
20 layer to be removed later is formed on the substrate 

in advance, and part of this layer is removed. A film 
remaining as a structure or anchor is formed thereon, 
and the end portion of the sacrificial layer is 
exposed to the outside. This portion is removed by 
25 etching, then a sensor and actuator are manufactured 
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with the structural film. Or this process is repeated 
several times to form a more complicate structure. A 
fixed electrode 3 is formed on the surface of a 
silicon substrate 1 and a polysilicon diaphragm 6 is 
5 formed thereon, with a gap 7 located in-between. This 
g gap 7 is formed by etching and removing the 

feC sacrificial layer already formed in this area through 

m an etch channel 12 provided on part of polysilicon 

jj diaphragm 6. To close this etch channel 12 and to 

w 10 provide vacuum sealing of the gap 7, silicon oxide 

=™ film 8 is formed to cover the whole surface of the 

y 

^ polysilicon diaphragm 6 and part of the silicon 

J substrate 1 are covered. As a result , gap 7 is formed 

as a vacuum sealed pressure reference chamber , and a 
15 capacitor is formed between the fixed electrode 3 

provided on the substrate in the pressure reference 
chamber and a conductive diaphragm (movable electrode) 
consisting of the polysilicon film 6. If there is a 
change in the external pressure, polysilicon film is 
20 displaced by differential pressure from the pressure 

reference chamber and a gap is changed between the two 
electrodes to cause a change in the capacitance of the 
capacitor. This change in capacitance is used to 
detect the pressure. 
25 Another prior art related to the present invention 
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is disclosed in the Japanese Application Patent Laid- 
Open Publication No. Hei 11-14482. This Patent also 
refers to the capacitance pressure sensor manufactured 
according to the sacrificial layer etching technique. 
5 In this case, a silicon nitride film is used to seal 
the etch channel . 

To ensure reliability in the long-term use of the 
pressure sensor of the above-mentioned structure, it 
is necessary to reinforce the hermetic structure of 

10 the pressure reference chamber and to prevent temporal 
change of the output. This requires careful selection 
of an adequate sealing structure of the etch channel 
and a proper sealing material. Japanese Application 
Patent Announcement Publication No. Hei 08-501156 

15 discloses a silicon oxide film used as a sealing 

material. However, silicon oxide film is permeable to 
moisture to some extent. In a highly humid environment, 
therefore, moisture may enter the gap through oxide 
film, causing changes in characteristics. 

20 If the etch channel is sealed by nitride silicon 

film as disclosed in Japanese Application Patent Laid- 
Open Publication No. Hei 11-14482, characteristics of 
such a structure as diaphragm will be changed with 
time since silicon nitride film has a very great film 

25 stress after film formation. Accordingly, prevention 
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of deformation requires reduction in the thickness of 
silicon nitride film used for sealing. This will 
result in restrictions on the size of the etch channel, 
etching failure of the sacrificial layer or increased 
5 etching time. 

Disclosure of Invention: 

The present invention is intended to solve above- 
mentioned problems. Its object is to propose an etch 
10 channel sealing structure highly resistant to moisture 
and temporal change of the diaphragm in the pressure 
sensor produced according to the sacrificial layer 
etching technique, and to provide a pressure sensor 
characterized by excellent productivity and durability. 

15 

Brief Description of Drawings : 

Fig. 1 is a cross sectional view representing a 
first embodiment of the present invention; 

Fig. 2 is a plan view representing a first 
20 embodiment of the present invention; 

Fig. 3 is a drawing representing how moisture 
passes through silicon oxide film; 

Fig. 4 is a drawing representing part of the 
production process in the first embodiment of the 
25 present invention; 
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Fig. 5 is a drawing representing part of the 
production process in the first embodiment of the 
present invention ; 

Fig. 6 is a drawing representing part of the 
5 production process in the first embodiment of the 
pr es ent invent ion ; 

Fig. 7 is a drawing representing part of the 
production process in the first embodiment of the 
present invention ; 
10 Fig. 8 is a drawing representing part of the 

production process in the first embodiment of the 
present invention; 

Fig. 9 is a drawing representing part of the 
production process in the first embodiment of the 
15 present invention; 

Fig. 10 is a drawing representing part of the 
production process in the first embodiment of the 
present invention; 

Fig. 11 is a drawing representing part of the 
20 production process in the first embodiment of the 
present invention ; 

Fig. 12 is a drawing representing part of the 
production process in the first embodiment of the 
pr es ent invent ion ; 
25 Fig. 13 is a drawing representing part of the 



production process in the first embodiment of the 
present invention ; 

Fig. 14 is a cross sectional view representing a 
second embodiment of the present invention; 

Fig. 15 is a drawing representing changes in the 
form of polysilicon film for surface protection in the 
second embodiment; 

Fig. 16 is a plan view representing a third 
embodiment of the present invention; 

Fig. 17 is a cross sectional view representing a 
reference capacitor in the third embodiment; 

Fig. 18 is a circuit diagram representing a 
capacity detecting circuit in the third embodiment; 

Fig. 19 is a drawing representing the car engine 
control system using a semiconductor pressure sensor 
according to the present invention; 

Fig. 2 0 is a cross sectional view representing a 
fourth embodiment of the present invention; 

Fig. 21 is a plan view representing a fourth 
embodiment of the present invention; 

Fig. 22 is a plan view representing a fifth 
embodiment of the present invention; 

Fig. 23 is a cross sectional view representing the 
pressure sensor according to the prior art; 

Fig. 24 illustrates a pressure detector according 
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to the present invention; 

Fig. 25 illustrates a 
to the present invention. 



and 

pressure detector according 



5 Best Form of Embodiment of the Invention: 

The following provides a detailed description of 
the present invention with reference to the 
embodiments given in the drawings: Fig. 1 is a cross 
sectional view representing an embodiment of a 

10 semiconductor pressure sensor according to the present 
invention, and Fig. 2 is a plan view thereof. The 
following describes the structure with reference to 
Figs. 1 and 2. Monocrystal silicon substrate 1 is used 
for the substrate, and silicon oxide film 2 is formed 

15 on the surface thereof as an insulation layer. A fixed 
electrode 3 is formed on the silicon oxide film 2, and 
is made of polysilicon with phosphorus or other 
impurities dispersed thereon. Silicon oxide film 4 is 
formed on fixed electrode 3, and silicon nitride film 

20 5 is formed on the surface thereof in order to protect 
the substrate surface in the sacrificial layer etching 
process to be discussed later and to avoid leak 
current on the substrate surface. Polysilicon 
diaphragm 6 with part of its periphery fixed on the 

25 silicon nitride film 5 is formed on the top of the 
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silicon nitride film 5, and a very small space 7 
surrounded by the diaphragm and substrate is formed. 
The diaphragm substrate fixed portion 8 is annular but 
is fragmented at an equally spaced interval. The 
5 fragmented portion serves as an etch channel 12 

leading to the gap. The etch channel is a serves as a 
path for etchant to enter the gap at the time of 
etching of the sacrificial layer to be discussed later. 
In order to close this etch channel 12 and to vacuum- 

10 seal the gap, the substrate portion close to the 
circumference of polysilicon diaphragm 6and the 
surface of the outer wall of the polysilicon diaphragm 
6 are covered with silicon oxide film 9 used for 
sealing. This sealing material is required to meet the 

15 following conditions: Since it must cover the 

substrate and movable electrode at the same time, it 
must be insulated to prevent leak current flowing 
between them. Secondly, since it covers the side wall 
of the diaphragm, it must provide an excellent step 

20 coverage and sealing material must not enter the 

inside of the gap. Thirdly, it must be of compact film 
in order to maintain hermeticity for a long time. 
Lastly, film can be formed in a short time. As a 
material meeting almost all of these conditions, 

25 silicon oxide film 9 formed by the CVD (chemical vapor 
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deposition) method is adopted in the present 
embodiment. As shown in Fig. 3, however, the defect of 
sealing by silicon oxide film 9 is that, when exposed 
to the environment of high temperature and high 
5 humidity for a long time, moisture may enter the gap 
through silicon oxide film and may change the output 
characteristics. To eliminate this possibility in the 
present embodiment, an impermeable polys ilicon film 10 
having a diffusion coefficient of water of 1 x 10" 6 

10 (m 2 /s) or less is formed on the surface of the silicon 
oxide film 9, thereby preventing moisture from 
permeating the silicon oxide film 9. This polysilicon 
film 10 is fixed to the ground potential made 
conductive by diffusion of phosphorus and other 

15 impurities, and serves as a shield against 

electrostatic discharge to prevent ion particle and 
other external electrical charge from affecting the 
measurement of capacity. 

The following describes the principle of 

20 operations with reference to Fig. 1: The silicon 

diaphragm 6 serves as a movable electrode, and forms a 
capacitor between it and fixed electrode 3, with a 
very small gap located in-between. The interior of the 
gap is a vacuum pressure reference chamber, and the 

25 silicon diaphragm 6 is deflected due to differential 
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pressure between the pressure reference chamber and 
the outside. The electrode gap of the capacitor is 
changed by the deflection of the silicon diaphragm 6 
in response to the external pressure, and the 
5 capacitance of the capacitor is subjected to changes. 
This change in capacitance is detected as a change in 
voltage by the switched capacitor circuit, diode 
bridge circuit or the like. 

The following describes the production method: The 

10 production process for this sensor is based on LSI 

production process. Firstly, as shown in Fig. 4, the 
monocrystal silicon substrate 1 is subjected to 
thermal oxidation, and a silicon oxide film 2 serving 
as an insulating layer is formed on the top surface of 

15 the substrate. Then polysilicon film is formed on the 
surface thereof by CVD method and phosphorus and other 
impurities are dispersed to make it electrically 
conductive. Then a desired form of fixed electrode 3 
is obtained by the photo etching technique. Then as 

20 shown in Fig. 5, silicon oxide film 4 and silicon 
nitride film 5 are formed as barrier layers on the 
surface of the substrate according to the CVD method. 
After that, a sacrificial layer 13 consisting of 
phosphate glass (PSG) is formed according to the CVD 

25 method, as shown in Fig. 6. The thickness of this 



sacrificial layer is equal to the height of a desired 
gap (electrode gap) to be formed later. This 
sacrificial layer 13 is processed by photo etching 
technique and desired forms of the gap 7 , diaphragm 
substrate fixed portion 8 and etch channel 12 are 
obtained in one operation. As shown in Fig. 7, 
polysilicon film 14 is formed by the CVD method to the 
sacrificial layer 13, and is made electrically 
conductive with phosphorus or other impurities 
dispersed thereon. Then it is processed by photo 
etching technique to get a desired form of diaphragm 6, 
as shown in Fig. 8. Here part of the sacrificial layer 
13 is exposed to the outside from the etch channel. 

When this substrate is immersed in HF based 
etchant, only the sacrificial layer 13 is removed 
through the etch channel 12 as shown in Fig. 9, and a 
very small gap 7 is formed sandwiched between the 
substrate and polysilicon film 6. Then as shown in Fig. 
10 , the silicon oxide film 9 is formed according to 
the CVD method to cover the substrate and polysilicon 
film 6, and is processed into a desired form by the 
photo etching technique. Since the gap is formed 
almost under vacuum, it serves as a pressure reference 
chamber when it is vacuum-sealed and used as an 
absolute pressure sensor. After that, polysilicon film 
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10 is formed on the oxide film 9 as surface protective 
film by the CVD method , as shown in Fig. 11, and is 
processed into a desired form by the photo etching 
technique. It is preferred cover the sealed oxide film 
5 9 entirely with the polys ilicon film 10 from the 

moisture-proof surface, as shown in Fig. 11. However, 
there is no need of covering it entirely as shown in 
Fig. 12, if the distance from the end of the 
polysilicon film 10 to the etch channel 12 is 

10 sufficiently long, based on the relationship between 

the thickness of the silicon oxide film and permeation 
of water shown in Fig. 3, when consideration is given 
to the service life and permeation speed of moisture 
in the oxide film. In the present embodiment, the 

15 distance from the end of the polysilicon film 10 to 
the etch channel 12 is set to 10 microns. This is 
intended to ensure a durability of 10 years because 
the permeation speed of moisture is 1 microns per year 
according to our examination. Further, silicon nitride 

20 film can be considered as impermeable film, but 

silicon nitride film has a very large film stress of 
about 1.5 GPa. This will cause temporal deformation of 
the polysilicon diaphragm 6. To avoid deformation, 
film thickness is set to 0.4 microns or less in this 

25 embodiment . Further, to prevent pinholes from 
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occurring, film thickness is preferred to be 0.1 
micros or more. Lastly, as shown in Fig. 13, a contact 
hole is opened by etching of silicon nitride film 5 
and silicon oxide film 4, and photo etching is 
5 performed after sputtering of aluminum. This process 
provides an aluminum lead 11 of fixed electrode 3 and 
polysilicon movable electrode 6. 

The structure discussed above is characterized in 
that a combination of silicon oxide film manufactured 

10 by the CVD method and polysilicon film is used as a 

sealing material of etch channel. This simplifies the 
sealing structure and improves the resistance to 
moisture. Further, residual stresses of the oxide film 
and polysilicon film subsequent to formation of film 

15 are as small as about 0.15 GPa and 0.2 GPa, 

respectively. This reduces the temporal deformation of 
the diaphragm. 

The following describes another embodiment 
according to the present invention. Fig. 14 is a cross 

20 sectional view representing one embodiment of a 

semiconductor pressure sensor according to the present 
invention. In this structure, a hole is created on the 
top surface of the diaphragm 6. This hole is used as 
an etch channel 12, and a sacrificial layer is removed 

25 to create a pressure reference chamber* Polysilicon 
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and silicon oxide film can be considered as a sealing 
material for the etch channel 12. In the case of 
polysilicon, the polysilicon having passed through the 
hole by the time hole sealing is completed is 
5 deposited on the fixed electrode to form a column, 

with the result that a desired gap structure cannot be 
obtained. To solve this problem, the present 
embodiment adopts silicon oxide film 9 as a sealing 
material. When oxide film formed by the CVD method is 

10 used, a short time is required for sealing because of 

a great amount of deposit on the side face of the hole, 
resulting in a reduced amount of deposit on the fixed 
electrode. As described above, however, if oxide film 
alone is used for sealing, moisture may permeate oxide 

15 film in the environment of high humidity to enter the 
gap, and may cause changes in characteristics. To 
solve this problem, the whole surface on oxide film is 
covered with polysilicon 10, similarly to the above- 
mentioned embodiment, or part of the oxide film is 

20 covered to ensure that the distance between the above- 
mentioned etch channel 9 and polysilicon 10 exceeds a 
certain value, with consideration given to service 
life and permeation speed of moisture in silicon oxide 
film, as shown in Fig. 15. 

25 With reference to Fig. 16, the following describes 
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the embodiment of the circuit integrated type pressure 
sensor where a signal processing circuit is integrated 
onto the pressure sensor according to the present 
invention. The pressure gage is manufactured according 
5 to the IC production process. This makes it easy to 
manufacture a capacitance/voltage conversion circuit 
consisting of the CMOS on the same substrate. This 
sensor comprises a capacitor 21 for pressure detection, 
capacitor 22 for reference, oscillator 23, capacitance 

10 detecting circuit 24, computing circuit 25 for output 
adjustment, amplifier 2 6 and electrode pad 27. Fig. 17 
illustrates the structure of the capacitor 2 2 for 
reference. The structure of the capacitor 22 for 
reference is almost the same as that of the capacitor 

15 23 for pressure detection. However, a columnar 

substrate fixed portion 31 is arranged within the 
range of the diaphragm, and the diaphragm is 
fragmented. The capacitance is about the same as that 
of the capacitor for pressure detection, and 

20 capacitance value is hardly changed by pressure. So it 
serves as a reference capacitance in the process of 
detecting the capacitance to be discussed later. A MOS 
capacitor generally used as a circuit constituting 
component can be used as this capacitor 22 for 

25 reference, in the present embodiment, down sizing and 



- 16 - 



cost cutting of the pressure sensor are achieved by 
integration of a pressure gage and detecting circuit. 
Further, a substantial improvement of measurement 
accuracy in capacitance detection can be realized due 
5 to reduced wiring capacitance between the capacitor 
and circuit. 

□ Fig. 18 illustrates a capacitance detecting 

J3 circuit based on the principle of switched capacitance. 

ffl The capacitor for pressure detection and capacitor for 

rg 10 reference (capacitance values are assumed as Cs and Cr, 

™ respectively) are each connected with selector 

j=y switches, and the states of timing 1 and timing 2 

alternate. In the state of timing 1, the capacitor for 
j~ s reference and capacitor for pressure detection each 

15 are voltage sources, and the electric charge in 

conformity to capacitance value is stored. In the 
state of timing 2, both of them are connected to the 
input of the operational amplifier on the negative 
side. Electrical charges stored in the capacitor for 
20 reference and capacitor for pressure detection cancel 
each other, and the differential electrical charge 
flows into the operational amplifier. The electrical 
charge flowing into the operational amplifier charges 
the integral capacitor Cf to change the output voltage. 
25 Then when the state is shifted back to the state of 
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timing 1, output voltage is connected to the capacitor 
for pressure detection to form a feedback loop. Since 
a negative feedback loop is formed/ the amount of 
electrical charge in the capacitor for pressure 
5 detection comes closer to that in the capacitor for 
reference every time timing 1 and timing 2 are 
switched. They are kept in balance in the final stage , 
with the result that stable output voltage is ensured. 
Output voltage Vout at this time can be expressed as 

10 follows if the reference voltage is Vb: 
Vout = (1 - Cr/Cs) * Vb 
1/Cs exhibits almost a linear decrease with 
respect to applied pressure. So Vout shows almost a 
linear increase with respect to applied pressure. 

15 Fig. 19 illustrates a the pressure sensor 

manufactured according to the present invention used 
as an intake pressure sensor of car engine control 
system: After passing through an air cleaner 41 , 
outside air is led into the intake tube 42, and flow 

20 rate is adjusted by a throttle valve 43. Then the air 
is led into an intake manifold 44. A pressure sensor 
45 according to the present invention is installed in 
the intake manifold to detect the pressure inside the 
intake manifold 4. Based on the signals of this 

25 pressure sensor 45 and engine speed, an engine 



controller unit 49 calculates the amount of intake. It 
calculates the amount of fuel to be injected best 
suited to the amount of intake , and the calculated 
amount of fuel is sent to the injector 46. Gasoline 
injected from the injector 46 is mixed with intake air 
to become gas mixture. It is fed into the combustion 
chamber when the intake valve 4 8 opens, and is 
compressed by a piston 50. Then it is exploded and 
burnt by a spark plug 47. 

When the pressure sensor is used for a car engine 
control system as in the present embodiment, the 
hermetic structure of the pressure reference chamber 
is required to be very strong when consideration is 
given to the fact that the engine room where the 
pressure sensor is installed has a high temperature, 
the sensor is used in the highly humid environment as 
in the rain and the service life of the car is as long 
as about ten years. The air-tight sealed structure 
according to the present invention is excellent in 
resistance to humidity, and sufficiently meets the 
above conditions . 

The following describes an example where a very 
small gap structure produced based on the present 
invention is applied to a piezoresistive pressure 
sensor. Fig. 20 illustrates a cross sectional view and 
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Fig. 21 shows a plan view. When phosphorus or other 
impurities are dispersed on the top surface of the 
polysilicon 6, a strain gage 51 is formed on the 
periphery of the diaphragm in a bridge shape. When 
5 voltage is applied to the bridge circuit and pressure 
is applied to the diaphragm 6, the diaphragm is bent 
and a change occurs to the resistance of the strain 
gage. A differential voltage occurs according to the 
pressure between two output terminals of the bridge. 

10 The pressure can be measured by amplifying and reading 
this differential voltage. When this sensor is used as 
an absolute pressure sensor, a very small gap 
structure must be vacuum-sealed. A sensor excellent in 
durability can be provided by the sealed structure 

15 formed by a combination of silicon oxide film 9 formed 
by the above-mentioned CVD method and polysilicon film 
10. 

The following describes the case where a very 
small gap structure produced according to the present 

20 invention is applied to the capacitance type 

acceleration sensor: Fig. 22 is a cross sectional view 
of the acceleration sensor where an overhang type beam 
52 for acceleration detection is installed inside a 
vacuum-sealed very small gap. The overhang type beam 

25 is a movable electrode. If the overhang type beam is 
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deformed by acceleration, there is a change in the gap 
with the fixed electrode installed on the substrate in 
a face-to-face position. This permits the acceleration 
to be detected as a change in capacitance. To increase 
5 the response, the interior of the gap must be vacuum- 
sealed. A sealed structure formed by a combination of 
yB the silicon oxide film 9 according to the CVD method 

Ly and polysilicon film 10 is effective, 

jc Additionally, the sealing structure of the etch 

p 10 channel according to the present invention finds 

y, application in a semiconductor vibration gyro having a 

Lr s vacuum sealed cavity, rotating gyro and infrared 

JL; sensor. 

The following describes the packaging of the 
15 pressure sensor according to the present invention 

with reference to Figs. 23 and 24. There are following 
types to get the specified pressure value; a chip 
(gage chip) type sensor consisting of the capacitor 
for pressure detection and capacitance detecting 
20 circuit as described above, a 2-chip type sensor 

combined with a circuit chip to correct the output 
value, and a 1-chip type sensor with a correction 
circuit built in the gage chip. The following 
description takes up the example of a 2-chip type 
25 sensor: The gage chip 100 and circuit chip 101 is 
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bonded on the lead frame comprising conductive metal 
formed on the resin-made sub-package 102 using the 
adhesive; further, each electrode pad 125 on the chip 
and each lead frame 105 are electrically connected by 
5 wire bonding. The circuit chip 101 can be sealed by 
the cover 120 to be discussed later. For the 
measurement of atmospheric pressure, the gage chip 100 
must be exposed to the atmosphere through the pressure 
intake tube to be described later. Depending on the 

10 environment for use, dust particle, gasoline and acid 

may be contained in the atmosphere. When the gage chip 
is exposed directly to the atmosphere, the chip may be 
damaged. To protect the chip against them, silicone 
gel 104 is applied on the surface of the gage chip 100. 

15 The sub-package 110 with the two chips bonded with 

each other is further bonded to the resin-made housing 
115 having a connector 111 using adhesive and others. 
The connector 111 and circuit chip are electrically 
connected by aluminum wire 112. In the final stage, a 

20 cover 120 with resin-made pressure intake tube 113 is 
bonded to seal the circuit, and this process is now 
complete. Adjustment is made in the following steps: 
Firstly, pressure application test is conducted to 
measure the output voltage of the gage chip. Then 

25 corrections in conformity to the characteristics are 



- 22 - 



stored in the ROM installed inside the circuit chip 
101. The above steps allows the sensor output to be 
adjusted to the specified output voltage. In the above 
case, a sub-package is used in the present embodiment, 
5 but need not always be used. Furthermore, the 1-chip 

type sensor allows the packaging costs to be cut down; 
for example, it permits the number of terminals to be 
reduced. The output of the circuit chip is output to 
the external signal line through the connector. 

10 The present embodiment uses a combination of the 

oxide film manufactured by the CVD method 

and polysilicon film as an etch channel sealing 
material in a pressure sensor manufactured by the 
sacrificial layer etching technique. This allows an 

15 etch channel sealed structure to be simplified, and 
prevents entry of moisture into the cavity, thereby 
improving moisture resistance. Moreover, sealing 
material with small film stress reduces temporal 
deformation of the diaphragm. 



